The historical influence of landscape on the quantitative variables and a special group of hyporheos in streams with similar origin but different catchment landscapes and forest management was studied. The study was conducted in two streams: (i) a preserved forested natural stream where critical ecosystem processes were unaltered by human activities and (ii) a stream with the strong anthropogenic stressors (e.g., logging, agriculture, pasture), impacting the system for the last 500 years. Some parameters were strongly related to these land use: conductivity, fine benthic organic matter (FBOM), orthophosphate (P PO4) and periphyton content all increased along the gradient from the natural stream to the urban-dominated catchment. The density of interstitial assemblages corresponded with the conductivity (at P < 0.05) and was higher on the stream in urban-dominated catchments; and the Harpacticoida taxa richness, dominated by the family Canthocamptidae, was also greater here. The Multiple Regression Analysis shows that the rate of deforestation had had the most significant effect on the density of hyporheos. Among of crustacean fauna the representatives of epigean harpacticoids from (of) family Canthocamptidae, dominated.
Introduction
The connection among factors operating at different spatial scales and their distinct influence on a stream ecosystem function is a very important environmental topic (Davies et al. 2005; Schiller et al. 2008 ). This paper demonstrates historical influences of landscape on quantitative variables and a special group of hyporheos in the two fifth-order streams of similar origin, but different catchment landscapes and forest management. The degree of intensity of land use differs between the two catchments from primarily forested to markedly deforest. We supposed that hyporheos is influenced by changes in nutrient retention and stream biota, because abiotic and biotic retention mechanisms operate principally at or within a streambed, especially in smaller rivers (Allan 1995; Brunke & Gonser 1997 , 1999 . Here we define the hyporheic zone as a region of heterogeneous sediments beneath and adjacent to the stream channel that is saturated with a mixture of surface and ground water providing connectivity between terrestrial, groundwater and lotic habitats (Boulton et al. 1998) Some findings show that the transformation of forested valleys into pastures, fields, or human agglomerations has had a considerable impact on aquatic ecosystems, namely a change in the trophic structure of macrozoobenthos (Helešic et al. 2000) or the decrease in biodiversity of invertebrates (Sponseller et al. 2001) . The influence of land use on the hyporheic ecology is well documented (Dole-Olivier et al. 1997; Gjerlov et al. 2003) . Marked differences in some of the physical and chemical features among the hyporheic zones of sites in area of different land use were found in New Zealand stream ecosystems (Boulton et al. 1997 (Boulton et al. , 1998 . The authors found that chemical and microbial processes occurring within the streambed had substantial ramifications for surface biota (e.g., Boulton 1993; Stanford & Ward 1993; Findlay 1995) . Authors confirmed that changes in land use may have upon the ecology of the hyporheic zone.
The aim of this research was to evaluate the impacts of intensive forest management on changes of hyporheic invertebrates and to make connections to previous similar studies (e.g., Krno 1992 Krno , 2009 Krno et al. 1997 Krno et al. , 2006 Šporka & Krno 2003; Novikmec et al. 2007 ). The aim of the present study was i) to determine the structures of hyporheic communities in the two streams with different catchment land use; and ii) to find out how the hyporheic community reflects the rate of land use degradation.
Methods

Study sites
This study was conducted watersheds of West Carpathic 2011 Institute of Zoology, Slovak Academy of Sciences ans, Slovakia that is dominated by calcareous geology. Both rivers, the Lubochnianka and Revuca, are left tributaries of the Vah River and flow in the parallel valleys. The Lubochnianka and the Revuca spring from below the Krizna mountain (1574 m a.s.l.) and the Ploska mountain (1532 m a.s.l.), respectively, and flow through the National park Velka Fatra, of which a considerable part is covered primarily by beech-fir and spruce forest. The maps of this study area have been published by Illéšová et al. (2010) . The predominant land use in the Revuca basin is pastoral farming, cropping and agglomerations, whereas the principal land use in the Lubochnianka River watershed is forest with only local harvesting ( Table 1) . The study reaches are the upper (L1, R1) and lower (L2, R2) of both rivers, located in the submontane area (metarhithral, altitude 480-650 m a. s. l.). Mesolithic substrate dominated all reaches in the Revuca and the share of fine substrates (microlithal, psammal), algae mats, and FBOM were much higher than in the Lubochnianka.
To review the influence of catchment land use on the stream hyporheos, the data from our previous studies of hyporheos in 14 streams was analyzed along with the current data (Illyová & Tomajka 1998; Novikmec et al. 2007 ). These data were collected using the same sampling methods as in Lubochnianka and Revuca rivers. We evaluate the correlation between the density of hyporheos (N m −3 ) in the chosen streams with several environmental factors, e.g., stream order, FBOM, geological substratum and the rate of deforestation. The additional streams are situated in the East Carpathians (the Hluboky potok Stream, the Stuzica Stream), in the Polana Mts (the Micová Stream, the Hucava Stream) and in the High Tatra Mts (the Hincov potok Stream).
Field sampling, laboratory analyses Environmental data and biological samples were collected from 4 sites (Tables 2, 3) between 2007 and 2008 (May, August, November, July and September). All samples were taken according to the Karaman-Chappius method (Schwoerbel 1967) . A hole of 30 cm in diameter and of 30-60 cm in depth was dug approximately 30 cm away from the stream. A 20 litre sample was collected to assess the density of hyporheos (N m −3 ). Hyporheic invertebrates were filtered from the sample water using a 60-µm plankton sieve and were preserved in formalin. Most commonly, 2-3 samples were collected from each site, altogether 30 samples were taken.
Taxa were counted and identified under a stereomicroscope. Crustaceans (Cladocera, Copepoda: Cyclopoida, Harpacticoida, Malacostraca: Bathynellacea) were identified to the specific level. Insect larvae (Ephemeroptera, Plecoptera and Diptera: Chironomidae, Ceratopogonidae and Simuliidae) and other groups (Ostracoda, Nemathoda and Oligochaeta) were identified to the lowest taxamonic level possible, often above species.
Periphyton, fine and coarse benthic organic matter (FBOM, CBOM), and transport organic matter (TOM) were collected using methods described in Krno et al. (2006) . We also measured water temperature, pH, oxygen content, conductivity and hydraulic parameters, including discharge (Q) at each station on both streams. Concentrations of P PO4, N NO3 and SO
−2 4
in the stream water samples were analysed by standard methods (Hrbáček et al. 1972 ).
Data analysis
Environmental variables representing different hierarchic scales were divided into two groups: catchment variables in Table 1 (e.g., Altitude, Forest, Fields, Slope, Aglom) and stream structural-physicochemical variables in Tables 2 and  3 (CBOM, TOM, P, Q, FBOM, N, Biofilm, Temp., Cond.). We used principal component analysis (PCA) with the two groups of environmental variables to determine which group contributed to the most variation between at the two different scales (i.e., catchment and stream). Ordination was carried out using Principal Component Analysis, PCA, (Ter Braak 1987) , from the CANOCO program for Windows, version 4.0 (Ter Braak & Šmilauer 1998) . Input data for whole community PCA analysis of the percentage of individual groups of hyporheos included data from all sampling sites and sampling seasons). We analysed the following variables (conductivity, P PO4, FBOM, increase(s)) and the density of hyporheos of all collections from sampling sites (Lubochnianka 1, Lubochnianka 2, Revuca 1, Revuca 2) during each of study seasons using Spearman Rank Order Correlations (SigmaPlot 2004 for Windows Version 9.0, Systat Software, Inc.).
Results
Summary statistics for measured environmental factors indices at four sites are in Table 2 . Basic surface chemical, hydrological and biological characteristics of the sampling sites of the Lubochnianka and Revuca rivers are in Table 3 .
To examine which variables contributed to the variation between the two different scales (i.e., catchment and stream), we conducted the principal component analysis (PCA) of selected variables from two different hierarchical scales: the catchment (Forest, Field, Altitude, Slope, Agrom.) and the stream (P, O, N, Q, Cond., Temp., TOM, FBOM, CBOM, Mac+Mesolit.). The figure has been published by Illéšová et al. (2010) . The first component of PCA explained 64% of variance, with a positive loading of percent forested area and with a negative loading of percent field and urban area. The main variable is then the rate of forestation (Forest vs. Fields) which determines the status of the examined stream areas. Localities with a higher rate of forest in the profiles of the Lubochnianka River (L1, L2) have higher rate of oxygen and benthic material as well as thicker sediment. The second component accounted for 29% of variance, with a negative loading of phosphate concentration (P), discharge (Q) and transport organic mater (TOM). The streams influenced by land use (Revuca 1, 2) are characterized for their higher values of FBOM, nitrogen, conductivity, water temperature and periphyton. Higher water temperature and vegetation reflect an open land. The P (phosphorus) variable represents the rate of biotope eutrophication and is associated with the Revuca River profile. The first component of the PCA indicated a shift from forested to field, and urban-dominated catchments associated with concomitant changes in physiographical characteristics.
Comparison of invertebrate assemblage structure among the hyporheic zones Taxonomic richness and total density differed among sites of both streams (Table 4 ). The hyporheos of the Revuca River consisted of 13 crustacean species, among them one species of cyclopoid (Diacyclops languidus), 11 species of harpacticoids, and one Cladocera species (Chydorus sphaericus). In the hyporheos of the Lubochnianka River, six taxa of crustaceans were found: five species of Harpacticoidae and one species of Bathynellacea (Bathynella natans). Only two harpacticoid species (Attheyella (A.) wierzejskii and Bryocamptus (L.) echinatus) played an important role, occurrence of other species was only sporadic.
The species richness and density of hyporheos was the greatest in the upper reach of the Revuca River (R1), averaging 4,419.4 N m −3 , with the maximum 11,800 N m −3 in September. The most common taxa of hyporheos community were crustaceans (Fig. 1) , of them cyclopoids totalled 61% and harpacticoids totalled 22%. Adult Harpacticoida prevailed in July and August; the species Elaphoidella elaphoides dominated, followed by Bryocamptus (R.) zchokkei. The stygobite community was represented by the archiannelid Troglochaetus beranecki and the harpacticoid E. elaphoides. A similar taxa composition, but lower density and fewer species was found in hyporheic zone of the lower site of Revuca River (R2). The average density of hyporheos was 2,915 N m −3 , the maximum (9,250 N m −3 ) was reached in August. Crustaceans were the most dominant group (Fig. 1) , with adult and copepodite harpacticoids reaching 55%. In late summer and in autumn, when hyperheric density was highest, the adult Harpacticoida, Attheyella (A.) crassa, dominated (2,375 ind. m −3 ). The average annual density of hyporheos in the upper reach, Lubochnianka River (L1), was 1,185 N m −3 with a maximum of 2,100 N m −3 in August. The most abundant taxa were oligochaetes (48%), followed by chironomids (18%) and crustaceans (15%) (Fig. 1) . The average density of cyclopoids was 75 N m −3 and harpacticoids 174 N m −3 . Only one species of an adult Harpacticoida, Elaphoidella elaphoides, was found in the lower sampling site of Lubochnianka River (L2). This site had the lowest overall mean density of hyporheos (359.8 N m −3 ). The maximum (949 N m −3 ) occurred in August, when the larvae of Chironomidae were the most abundant group. These larvae insects were dominant in general (46%) ( Table 4 ). Whole community was tested in one PCA analysis and for better transparency results are summarised in four figures (Figs 2-5) . According results Harpacticoida, Copepoda and Chironomidae larvae showed the greatest variability in their proportion to the whole hyporheos community towards the space and time (Figs 2-5). First two axes explained 74% of variability. In upper profiles of both rivers (L1, R1) in early spring time Crustacean prevailed (Figs 2, 4). They were represented by Harpacticoida in Lubochnianka stream and also by adult and juvenile Cyclopoida in Revuca River. Chironomidae dominated on L1 in August, September and November. Contrariwise, at lower sampling sites, mainly R2, Chironomidae dominated in early spring time. Harpacticoida increased in these lower sampling sites in August and September (Figs 3, 5 ).
Inter-relationship between environmental variables and density, and distribution of hyporheos Some parameters were strongly associated with land use [conductivity, fine benthic organic matter (FBOM), orthophosphate (P PO 4 ) and periphyton content], and increased with degradation from the natural river (the Lubochnianka) to the urban-dominated catchment (the Revuca). According to the results of non-parametric Spearman Rank Order Correlations, we found that the density of hyporheos was influenced mostly by conductivity. We found a significant correlation (R 2 = 0.761905; P = 0.028) between the density of hyporheos and the conductivity in August and in November which is associated with a higher trophic status of the river and eutrophication. Higher conductivity in the Revuca River is caused by higher rate of deforestation and anthropogenic uses. Using the regression analysis we tried to show whether or not the relationship between the density of hyporheos and forest cover/deforestation could be applied on other submontane streams; and eventually evaluated other environmental factors which might have influenced the density of hyporheos as well. The results in the graph (Fig. 6) suggest that the density of hyporheos is greater as the deforestation increases, or the anthropogenic land use intensifies. The density of hyporheos in the streams in the first half of the graph is low as well as the rate of deforestation in the neighbourhood of the streams (the darker the column, the greater the proportion of the forest in the country). Furthermore in the Fig. 6 we can see that there was greater density of hyporheos in the streams with calcareous (Revuca, Lubochnianka strams) or flysch substratum (Hluboky potok, Stuzica, streams); there was lower density in the streams with granite (Hincov potok stream) or volcanic (Micova and Hucava streams) substratum. Multiple Regression Analysis indicates that the altitude and the stream order has had no effect, FBOM (6%) and geological substratum (14%) has had little effect, but the rate of deforestation has had the most significant effect on the density of hyporheos (37%). Ecological positions of streams (OP) = density of hyporheos = -84.703 + 1.87589 * FBOM + 634.069 * geology + 1612.23 * the rate of deforestation. Since the P-value in the ANOVA table is less than 0.05, there is a statistically significant relationship between the variables at the 95% confidence level (R 2 = 56.5861). However, we did not find a relationship between the density of hyporheos and organic matter (FBOM). Increased FBOM in the streams of the volcanic range the Polana Mts (the Micova and Hucava streams) can be explained by the presence of sandbanks which led to the accumulation of all fractions of organic matter (Šporka et al. 1997) .
Discussion
Among the tasks of this paper was to review the role of catchments and environmental factors potentially affecting the hyporheos of two rivers with similar origin but different catchment features. The degree of intensity of land use influences not only the microbenthos (Allan 1995) but the interstitial community as well, because the changes of hyporheos reflect the changes in benthos. In addition, some benthic invertebrates seek refuge in the hyporheic zone during disturbances. Boulton et al. (1997) suggest that land clearance for pasture leads to hill slumping and siltation that bury the lateral bars along streams. They found out, that in streams draining native forest, the hyporheic zone harboured a relatively diverse invertebrate fauna comprising mostly taxa common in the surface benthos. On the other hand, few individuals and taxa occupied the hyporheic zones of streams draining pasture. In case of the Revuca River, we found that humaninfluenced streams had markedly higher density of hyporheos and higher number of species, mainly harpacticoids and cyclopoids representatives. The hyporheos was significantly influenced by conductivity, which is related to the higher trophic status of the river. According to Bis & Higler (2001) sites with increased nonforest area have a higher share of FBOM, nitrogen and phosphorus; these parameters confirm the eutrophication of environment. Comparison of interstitial benthos of 14 different streams and rivers of Slovakia (Illyová & Tomajka 1998; Novikmec et al. 2007 ) illustrate anthropogenic effects on the environment; mainly deforestation has increased hyporheic density in the submontane streams. Removal of overhead canopy could influence the increase biomass, density and seasonal production of benthic macroinvertebrates (Behmer & Hawkins 1986) . Logging can change the amount and type of particular organic matter (Davies et al. 2005 ). One of the major consequences of clear-cut logging is the change in the energy base of stream systems (Kedzierski & Smock 2001) . Evidence from our work, the positive correlation of hyporheos density and conductivity, supports this statement. The conductivity points out either to the quantum of alkali metals in the sediments or to biotope eutrophication. Comparing the data of phosphates (P) we can see that the rate of eutrophication was definitely higher in the Revuca River where we found several fold higher density of hyporheos as well. In addition, the content of fine substrates (microlithal, psammal), the maximum water temperature, content of fine particulate organic matter (FBOM) and algae mats were higher in the Revuca River, which is associated with a higher rate of country degradation. The average amount of the fine organic matter was even higher at the sites of the logged Revuca. Brunke & Gonser (1999) studied the hyporheic invertebrates by hydrological exchange and environmental gradients, and found out that total animal density patterns were strongly related to the ratio of particulate organic carbon to total fine particles (POC/TFP). The decrease in the density of macrozoobentos was observed along the river continuum ). About 1.5-times higher density was recorded in the upper reaches of both streams. Accordingly the biomass was 1.7-times higher in the Revuca. This confirms the unnaturally high trophical potential that is the result of higher values of phosphates and conductivity. Increased values of nitrates and FBOM due to erosion and the increased density of consumers (collectors-gathers) were found in the Revuca. The increase in microbenthos as a consequence of the increase in sedimentation was recorded in the Turiec River (Krno et al. 2002) and in the Revuca Stream it was confirmed (Krno 2009 ). However, Boulton et al. (1997) did not support the hypothesis that the hyporheic zones of sites in pasture contain more fines. On the contrary, the authors recorded a relatively diverse invertebrate hyporheic fauna comprising mostly taxa common in the surface benthos, in streams draining native forest. And few individuals and taxa occupied the hyporheic zones of streams draining pasture with some groups such as water mites conspicuously absent.
Moreover, the sites differ also in other parameters, which might be important. The most important requirement for survival in interstitial zone are the food and space conditions, oxygen, and the presence or absence of toxicants (Tuša 1988) . Exchanges of water, nutrients, and organic matter occur in response to variations in discharge and bed topography and porosity (Boulton et al. 1998) . Petersen et al. (1989) have found that short-term discharge fluctuations had the strongest impact on the amount of benthic organic matter. Organic matter can enter hyporheic sediments through groundwater discharge and from the stream surface by hydrologic downwelling (Jones & Holmes 1996) . According to these authors the interchange of water between surface and subsurface environment in natural streams is quite complex owing to variation in hydraulic gradient and in conductivity that are caused by heterogeneity of sediment porosity, and to the sorting of substrate particles. So, for harpacticoids the discharge through sediment is usually the predictor of density. In this process, the high oxygen and low dissolved nutrients characteristic of surface water are transported to the hyporheic zone (Grimm et al. 2005) . The higher density of crustaceans in Revuca River could be caused by the higher discharge, higher porosity of substratum and, we suppose, by higher saturation with oxygen as well. Strong positive correlation between percentage saturation of dissolved oxygen in the hyporheic zone of streams and both species richness and total invertebrate density was recorded by Boulton et al. (1997) .
